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1. INTRODUCTION

, Niliifer Cetiner Cine?

,Figen Akalin®

Objective: Acute rheumatic fever (ARF) is an autoimmune disease and the leading cause
of acquired heart disease in children living in low- and middle-income countries. Vitamin
D deficiency has been reported in various autoimmune diseases. In this study, our
objective was to assess clinical, laboratory and echocardiographic findings of patients
with ARF, and to evaluate patients for vitamin D deficiency.

Materials and Methods: In this retrospective study spanning 21 years, children
diagnosed with ARF and followed up were evaluated. Among them, patients whose
vitamin D levels were measured at the time of diagnosis were compared with a healthy
control group.

Results: Of the 244 patients included in the study, 116 (47.5%) were female, and 128
(52.5%) were male. Patients' mean (SD) age was 10.1 (+3.0) years. Recovery or regression
of valve insufficiency was observed in 95 (46.3%) out of 205 patients with carditis. The
sensitivity of the Jones Criteria increased from 86.5% to 95.5% with the last update.
Among the 34 patients in whom vitamin D levels were measured, 91.2% of them were
found to have deficient or insufficient levels. The median (IQR) vitamin D level was 10.0
(8.7) ng/mL in the patient group and 16.2 (8.9) ng/mL in the control group, with a
statistically significant difference (P =.002).

Conclusion: Regular secondary prophylaxis may contribute to the improvement of
valvular findings. The last revision of the Jones Criteria has increased diagnostic
sensitivity in ARF. Vitamin D deficiency may play a role in the pathogenesis of the disease.

Keywords: Autoimmunity, Child, Jones criteria, Rheumatic fever, Vitamin D

some streptococcal antigens and human proteins,

Acute rheumatic fever (ARF) is an autoimmune
disease caused by infection with group A
streptococcus (GAS) - Streptococcus pyogenes.!
Although it is most commonly observed in
children aged 5-15 years, it has been reported that
ARF attacks may occur between the ages of 2 and
65 years.2 Approximately 20 million people
worldwide are affected by rheumatic heart
disease (RHD), with 500,000 new cases of acute
rheumatic fever (ARF) occurring each year.
Furthermore, there are 233,000 annual deaths
attributed to ARF or RHD.1-* The incidence of ARF
in Turkiye ranges between 25 and 100 per
100,000 population, similar to rates observed in
Mediterranean and Middle Eastern countries.>
Many factors contribute to the development of

ARF, including genetic predisposition, the
virulence of the streptococcus bacteria,
socioeconomic status, and household

overcrowding.3 Due to the similarity between

it is believed that ARF develops as a result of the
inflammatory response generated by both
humoral and cell-mediated immune systems.6-9

The Jones Criteria are utilized for the diagnosis of
ARF and were revised by the American Heart
Association in 2015 (Table 1).1° Due to the
heterogeneous nature of ARF worldwide, this
modification defines different criteria for low-risk
and moderate-to-high-risk populations. Low risk
is defined as having an ARF incidence of less than
2 per 100,000 school-aged children per year or an
all-age prevalence of RHD of less than or equal to
1 per 1000 population. All other populations are
considered moderate to high risk. For initial ARF
diagnosis, two major or one major plus two minor
manifestations are required. In cases of recurrent
ARF, two major or one major plus two minor
manifestations, or three minor manifestations are
diagnostic.10
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Table 1.

Jones criteria (2015 revision)

Major Criteria

Low risk population

Moderate and high risk population

Carditis (clinical and/or subclinical)
Arthritis (polyarthritis only)
Chorea

Erythema marginatum

Subcutaneous nodules

Carditis (clinical and/or subclinical)

Arthritis (monoarthritis, polyarthritis or polyarthralgia)
Chorea

Erythema marginatum

Subcutaneous nodules

Minor Criteria

Low risk population

Moderate and high risk population

Polyarthralgia
Fever (238.5°C)
ESR 260 mm/h and/or CRP 23.0 mg/dL

Prolonged PR interval, after accounting for age variability
(unless carditis is a major criterion)

Monoarthralgia
Fever (238°C)
ESR 230 mm/h and/or CRP 23.0 mg/dL

Prolonged PR interval, after accounting for age variability
(unless carditis is a major criterion)

CRP = C-reactive protein; ESR = Erythrocyte sedimentation rate

Vitamin D plays a crucial role in calcium
homeostasis
density.!l However, researches has demonstrated

and maintaining bone mineral

that Vitamin D also possesses antiproliferative,
proapoptotic,
immunomodulatory functions.1213 [t plays an
important role in both the innate and acquired
immune systems, and its deficiency has been
associated with an increased tendency toward
autoimmune diseases.4

anti-inflammatory, and

The aim of our study was to assess the
demographic, clinical, and laboratory findings of
patients with ARF, and to evaluate patients for
vitamin D deficiency.

2. MATERIAL AND METHODS
2.1. Study design

This study was conducted at the Department of
Pediatric  Cardiology, University,
Istanbul, Tiirkiye. Patients who were followed up
in our clinic with a diagnosis of ARF between May
1995 2016
retrospectively. Patients were assessed according
to the Modified Jones Criteria. After 2015, new
diagnostic criteria were implemented. However,

Marmara

and June were  evaluated

in our clinics, echocardiography was routinely
performed for all patients with ARF as part of the

initial diagnostic work-up. Valvular regurgitations
the physiologic
considered evidence of carditis even before the
2015 update.

exceeding criteria  were

The results of patients whose vitamin D levels
were measured at the time of diagnosis were
compared with those of a healthy control group.
The control group comprised children of the same
age and gender who were randomly selected from
those presenting to the general pediatric
outpatient clinic at the same time, without chronic
diseases or vitamin D replacement.

Patients' demographic and clinical data were
extracted from their medical records. Laboratory
complete blood count,
(ASO), erythrocyte
sedimentation rate (ESR), C-reactive protein
(CRP), 25(0H) vitamin D, calcium, phosphorus,
alkaline phosphatase levels, throat culture, and
rapid group A streptococcal carbohydrate antigen
test Telecardiography,
electrocardiography, and echocardiography
findings were also documented. Laboratory tests
were conducted using Beckman Coulter DxH800,
AU680, Siemens BN II, and Hitachi Modular E170
equipment. Philips iE33 was the

tests included

antistreptolysin 0

results.

used as
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echocardiography machine since 2010, and

Philips Envisor C was used before.
2.2. Ethics of the study

This study was performed in line with the
principles of the Declaration of Helsinki. Approval
was granted by the Marmara University Faculty of
Medicine Clinical Research Ethics Committee,
Istanbul, Tiirkiye (Date: 04 March 2016/No:
09.2016.180).

2.3. Statistical analyses

All statistical analyses were performed using IBM
SPSS Statistics 17.0 (IBM Corp.). Descriptive
statistics were expressed as number (%), mean *
standard deviation (SD) and/or median with
interquartile range (IQR) (depending on data
distribution). Vitamin D levels were compared
between the patient and control groups using the
Mann-Whitney U test. A P-value of <.05 was
considered statistically significant.

3. RESULTS

In the study, 244 patients were included, of whom
116 (47.5%) were female and 128 (52.5%) were
male. The mean (SD) age of the patients was 10.1
(¥3.0) years. The median (IQR) follow-up period
was 2.4 (3.1) years, with 23 patients (9.4%) being
out of regular follow-up. Regarding the season of

Table 2.

ARF diagnosis, 42.2% occurred in winter, 25.4% in
spring, 18.9% in summer, and 13.5% in autumn.

The most common symptom reported was joint
complaints, observed in 204 (83.6%) patients.
Among other symptoms, 92 (37.7%) patients
experienced fever, 34 (13.9%) reported chest
pain, 30 (12.2%) had palpitations, 27 (11%)
exhibited involuntary movements, 27 (11%)
complained of fatigue, 6 (2.4%) experienced
abdominal pain, and 5 (2%) had a rash.

Carditis was the most common major
manifestation, detected in 205 patients (84%).
Other major manifestations included arthritis in
134 patients (54.9%), chorea in 27 patients
(11%), erythema marginatum in 5 patients (2%),
and subcutaneous nodules in 3 patients (1.2%).
These results were similar across both genders.
Prolonged PR interval was not utilized as a minor
manifestation in patients with carditis. Among the
110 patients without arthritis, 66 (60%) reported
polyarthralgia, while 4 (3.6%) reported
monoarthralgia. In the presence of other major
findings, while acute phase reactant (APR) levels
tend to be elevated, among the 24 patients with
chorea and APR results, only 8 (33.3%) had
elevated APR levels. The major and minor
manifestations are summarized in Table 2.

The major and minor manifestations of the study sample

Major manifestations

Minor manifestations

n (%) n (%)
Carditis 205 (84) Fever 92 (37.7)
Arthritis 134 (54.9) Arthralgia 70 (28.7)
Chorea 27 (11) Prolonged PR interval 41 (16.8)
Erythema marginatum 5(2) Increase in acute phase 164 (67.2)
Subcutaneous nodules 3(1.2) reactants

Among the 205 patients with carditis, 129 (62.9%)
had involvement of a single valve, 69 (33.7%) had
involvement of two valves, and 7 (3.4%) had
involvement of three valves. Mitral regurgitation
was present in 195 patients (95.1%), aortic
regurgitation in 84 patients (41%), and tricuspid
regurgitation in 9 patients (4.4%). 159 (77.6%)
patients had mild carditis, 30 (14.6%) had
moderate carditis, and 16 (7.8%) had severe
carditis. There was no difference between genders

in all three groups. 40 (19.5%) patients had silent
carditis, and 6 (2.9%) had indolent carditis.

Recovery or regression of valve insufficiency was
detected in 95 (46.3%) out of 205 patients with
carditis (Table 3). During the follow-up of patients
with mild carditis, 27 (17%) of them completely
recovered from signs of valve insufficiency, and 43
(27%) experienced regression. Among those with
moderate 5 (16.7%) experienced
from of valve

carditis,

complete recovery signs
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insufficiency, and 14 (46.7%) regressed. None of
the patients with severe carditis experienced
recovery from signs of valve insufficiency. Six
patients (37.5%) showed regression, while 2

Table 3.

patients (12.5%) experienced progression of
valve insufficiency, leading to valve replacement
in these cases.

Changes in the signs of valve insufficiency according to carditis severity

Changes in carditis

Carditis severity Recovery Regression Unchanged Progression Unfollowed
n (%) n (%) n (%) n (%) n (%)
Mild (n=159) 27 (17.0) 43 (27.0) 73 (45.9) 1(0.6) 15 (9.5)
Moderate (n=30) 5(16.7) 14 (46.7) 9 (30.0) 0 2 (6.6)
Severe (n=16) 0 6 (37.5) 8 (50.0) 2(12.5) 0
Total (n=205) 32 (15.6) 63 (30.8) 90 (43.9) 3 (1.5) 17 (8.2)

Monoarthritis was found in 39 (29.1%) out of 134
patients with arthritis. Sixty (44.8%) patients had
involvement of two joints, 20 (14.9%) patients
had involvement of three joints, and 15 (11.2%)
patients had involvement of four or more joints.
Among the 27 patients with chorea, 15 (55.6%)
were between the ages of 11-15. Erythema
marginatum was present in 5 (2%) of the patients,
and subcutaneous nodules were present in 3

Table 4.

Laboratory results of the study sample

(1.2%) of them; however, these alone were not
detected major manifestations.

Recurrence was detected in 16 (6.6%) patients
during follow-up. Among these patients, 15
(93.7%) were irregularly wusing secondary
prophylaxis. While 86.5% of the patients fully met
the criteria according to the old Jones criteria, this
rate increased to 95.5% with the 2015 update.

Laboratory results are presented in Table 4.

n Mean + SD Median (IQR) Range
ASO (IU/mL) 239 781.6 + 597.2 600.0 (650.0) 66 - 4060
Anti-DNase B (IU/mL) 18 879.1 + 4584 781.0 (592.0) 255-2100
ESR (mm/hour) 169 62.7 +34.5 60.0 (53.0) 2-145
CRP (mg/L) 146 58.6 £ 60.0 35.0 (77.3) 0.1-346
WBC (/mm?) 171 10272.6 + 3318.5 9600.0 (4100.0) 4000 - 22100
Hemoglobin (g/dL) 171 11.6+1.2 11.6 (2.0) 9.1-14.6
Platelet (/mm?) 171 349.0 + 106.4 336.0 (150.0) 141-618

Anti-DNase B = Anti-deoxyribonuclease B; ASO = Antistreptolysin O; CRP = C-reactive protein; ESR = Erythrocyte
sedimentation rate; IQR = Interquartile range; SD = Standard deviation; WBC = White blood cell

In the group of 34 patients in whom vitamin D
levels were measured, 15 (44.1%) were female.
The mean (SD) age was 11.2 (£2.9) years in the
patient group and 11.1 (#2.8) in the control group.
The median (IQR) of vitamin D level was 10.0 (8.7)
ng/mL in the patient group and 16.2 (8.9) ng/mL
in the control group, with a statistically significant
difference (P = .002). The mean (SD) calcium,

phosphorus, and alkaline phosphatase levels of
the patients were 9.4 (x0.37) mg/dL, 4.3 (20.73)
mg/dL, and 154.3 (£54.3) U/L, respectively, and
were within normal limits. Of the patients, 30
(88.2%) had carditis, while in 4 (11.8%) patients,
arthritis alone was the major manifestation. 18
(53%) patients had both carditis and arthritis, and
2 (5.9%) had carditis and chorea simultaneously.
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31 (91.2%) of ARF patients had deficient or
insufficient levels of vitamin D (Table 5).
Furthermore, all severe carditis cases had vitamin
D levels below 15 ng/mL.

Table 5.

The comparison of vitamin D levels

25(0OH)Vitamin D Patients Controls
n (%) n (%)

Severe deficient 7 (20.6) 0

(<5 ng/mL)

Deficient 17 (50.0) 16 (47.1)

(5-15 ng/mL)

Insufficient 7 (20.6) 11 (32.3)

(15-20 ng/mL)

Normal 3(8.8) 7 (20.6)

(20-80 ng/mL)

Total 34 (100) 34 (100)

4. DISCUSSION

In the present study, which included 21 years of
patient data from a tertiary pediatric cardiology
center, we comprehensively evaluated the clinical,
laboratory, and echocardiographic findings of
children with ARF. One of the most important
findings was the improvement in carditis in nearly
half of the patients, highlighting the effectiveness
of early initiation of secondary prophylaxis in
preventing disease progression. Additionally, the
observation of lower vitamin D levels in patients
compared with the control group suggests a
possible role of vitamin D deficiency in the
pathogenesis of the disease.

Our analysis revealed that recovery or regression
of valvular insufficiency was observed in 46.3% of
patients with carditis during a median follow-up
of 2.4 (IQR 3.1) years. Meira et al.l> reported
regression in 59.4% of patients with mild valve
lesions and in 15.7% of those with moderate
lesions over a follow-up period of 2-15 years. In
addition, a review (2024) further
supported the efficacy of secondary prophylaxis.té
Unlike the findings of Meira et al.!5, our study
demonstrated improvement not only in mild but
also in moderate valvular lesions, underscoring
the importance of secondary prophylaxis in
altering disease progression.

recent

We observed a recurrence rate of 6.5%, with the
vast majority (93.5%) of recurrent cases occurring
in patients who had discontinued regular
prophylaxis. Recurrence rates have been reported
to vary between 8.5% and 40% in different
studies.>17-19 In the study by Pirinccioglu et al.18,
recurrences were observed in 78% of patients
with ARF who did not receive regular secondary
prophylaxis, while the overall recurrence rate
among all ARF patients was 34.9%. Beyond its role
in improving lesions, secondary
prophylaxis also prevents ARF recurrence and
stands out as the most critical and unique factor
influencing disease course, with its efficacy firmly

established in the literature.20.21

valvular

Most of our patients were diagnosed in winter
(42.2%), followed by spring (25.4%). Given that
AREF typically develops after a latent period of 1-5
weeks following tonsillitis or pharyngitis caused
by GAS, the disease is expected to occur more
frequently in spring,
streptococcal infections are most common.?
Consistent with the literature, our findings also
demonstrated that diagnoses were most frequent
during these two seasons.

winter and when

In our cohort, joint complaints were the most
symptom (83.6%). In
contrast, Seckeler et al.l% reported fever as the
most frequent symptom (80.8%). Several studies
conducted in Tiirkiye have similarly identified
joint  complaints as the  predominant
manifestation.1722 Qur findings are therefore
consistent with national data, emphasizing that
ARF should always be considered in patients
presenting with joint complaints.

common presenting

Carditis was the most common major
manifestation in our study (84%). In the
literature, reported frequencies of major

manifestations vary, with carditis observed in 55-
82.2% of cases, arthritis in 55-72%, chorea in 4.4-
28%, erythema marginatum in 0.5-2%, and
subcutaneous nodules in 0.5-6.2%.517.22-24 The
higher rate of carditis in our study may be
explained by the routine use of echocardiography
for all patients with suspected ARF in our clinic.

In our study, mitral regurgitation was present in
95.1% of cases, and aortic regurgitation was
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observed in 41% of patients. In the literature, the
mitral valve is most frequently involved, followed
by the aortic valve. Although regurgitation is
observed during the acute phase of the illness,
stenosis may develop later due to fibrosis,
particularly in individuals over 30 years of age.25
Consistent with the literature, in our pediatric
cohort, the mitral valve was most commonly
affected, followed by the aortic valve, and all
patients  with exhibited
regurgitation. None of the patients had valve
stenosis.

carditis valvular

Based on our data, the rate of silent carditis was
19.5%. In studies conducted in Tirkiye, the
prevalence of silent carditis has been reported to
range from 22.4% to 31.3%.26-28 The proportion of
silent carditis in our study is similar to the findings
reported by Tubridy-Clark et al.2%, which involved
alarger patient population. If these patients do not
receive appropriate prophylactic treatment, valve
involvement may progress.2%30 In addition to
detecting carditis, echocardiographic
imaging also helps distinguish innocent murmurs
and congenital heart diseases, which can lead to
false diagnoses of carditis. Echocardiography is
crucial for understanding valve lesions during the
diagnosis and follow-up of ARF. Therefore, silent

silent

carditis has been
manifestation in all populations according to the

Jones criteria updated in 2015.10

recognized as a major

In our study, while 86.5% of the patients fully met
the criteria according to the old criteria, this rate
increased to 95.5% with the 2015 update. Jones
criteria are employed in the diagnosis of ARF. If
the criteria from 1992 were strictly adhered to, it
is estimated that 78-87% of patients could be
diagnosed.3132 [n a study by Seckeler et al.19, 75%
of ARF patients fully met these criteria. For these
reasons, the New Zealand Criteria were developed
in 2008, and the Australian Criteria were
developed in 2006 and updated in 2012.3133
Finally, the Jones Criteria were updated by the
American Heart Association in 2015.10 This
update, which stratifies populations into low- and
moderate-to-high-risk groups, facilitates easier
diagnosis based on the region in which the patient
resides.

According to our results, vitamin D levels were
insufficient or deficient (<20 ng/ml) in 91.2% of
patients with ARF, significantly lower than those
in the control group. Vitamin D has been

demonstrated to possess antiproliferative,
proapoptotic, anti-inflammatory, and
immunomodulatory  functions in  recent

research.1213 Vitamin D deficiency has been linked
to various autoimmune diseases, including Type 1
diabetes, multiple sclerosis, Crohn's disease,
systemic lupus erythematosus, and rheumatoid
arthritis. Research suggests that these diseases
are more prevalent in individuals with vitamin D
deficiency.34-37 Low vitamin D levels were also
found in patients with ARF and RHD.38-40 ARF is an
autoimmune disease, and the observation of low
vitamin D levels in children with ARF in our study
supports the findings of other studies reported in
the literature.

Although Tiirkiye is located in a geographical area
where sunlight is abundant, factors such as
urbanization, reduced outdoor activities, and the
use of UV-blocking creams and clothing covering
most of the body can diminish the benefits of
sunlight exposure and
deficiency. The American Academy of Pediatrics
recommends a daily intake of 400 IU of vitamin D
for ages 0-1 and 600 IU for ages 1-18.41
Recognizing and treating deficiencies in children
could be beneficial in preventing ARF and other
autoimmune diseases.

lead to vitamin D

The retrospective nature of our study constitutes
a limitation. Although the control group was
selected from a healthy population without
chronic diseases, BMI and nutritional status were
not assessed in patients and controls, which is a
limitation of this study. Vitamin D levels between
patients with and without carditis could not be
statistically evaluated in our study due to the small
number of patients in these groups.

5. CONCLUSION

Consistent secondary prophylaxis may contribute
to improvements in valvular findings. The last
update of the Jones Criteria has enhanced the
diagnostic sensitivity in ARF. Further prospective
studies are warranted to elucidate the potential
role of vitamin D deficiency in the pathogenesis of
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ARF, and to determine whether it exacerbates
clinical manifestations.
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